Papillon-Lefévre syndrome (PLS) is a very rare autosomal recessive trait characterized by palmoplantar hyperkeratosis and severe generalized early-onset periodontitis leading to premature loss of both primary and permanent dentitions. The etiopathogenesis of the disorder is multifactorial with genetic, immunological, and microbial factors playing a major role. Other significant factors involved are environmental and reduced host defense mechanism. Consanguinity is a contributing factor because of its relevance to clinical genetics. The genetic defect underlying etiology of PLS is mutations of the gene 11q14-q21encoding for cathepsin C, an enzyme involved in a variety of inflammatory and immune processes. Virulent pathogens and their toxins in the subgingival plaque play a major factor in the initiation and progression of PLS periodontitis. Dysfunction of leukocytes is secondary causative factor. Variable clinical expression, late onset of symptoms, and frequent gene mutations reflect the complexity of the syndrome. Today, over 300 cases been reported in dental and medical literature with more cases discovered among Arabs, Indians, and Africans. About 20%-25% of patients with PLS have increased susceptibility to infections besides overwhelming destructive periodontitis. Management of the disorder directed toward halting periodontal destruction by eliminating the reservoir of causative organisms; using conventional periodontal treatment, oral hygiene instructions, antiseptic mouth rinses; and systemic antibiotic. Skin lesions usually treated with topical application of emollients, keratolytic agents, steroids, and oral retinoid. Any attempt to achieve and preserve healthy oral conditions will improve quality of life in patients with this intriguing syndrome.
INTRODUCTION
In 1924, the French physicians Papillon and Lefévre described a brother and sister; the products of first cousin matching, with condition characterized by palmoplantar hyperkeratosis (PPK) and severe early-onset periodontitis [1] . Gorlin et al. [2] reviewed 46 Papillon-Lefévre syndrome (PLS) cases described in the literature. They added calcification of the falx cerberi to the syndrome, converting it into a triad. The prevalence of PLS in the general population was 1-4 cases per million. In review of 124 PLS cases, Haneke [3] concluded that: (1) males and females were equally affected; (2) there was no racial predominance of the condition; (3) consanguinity is a feature in one-third of the cases; and (4) an increased susceptibility to infection, beside periodontitis, in 25% of PLS patients.
The criteria used for PLS diagnoses include presence of PPK, loss of primary and permanent teeth, and autosomal recessive inheritance [3] . The PLS disorder has since been discovered to be associated with two cardinal features: (1) aggressive periodontal disease associated with premature and extensive loss of teeth and alveolar bone in very young individual; and (2) PPK or keratoderma [1] [2] [3] [4] [5] .
Recent evidence indicated higher incidence of PLS among consanguineous families and in certain racial populations than previously reported. Review of literature revealed that 75% of the Arab probands were products of close parental consanguinity [6] . Increased occurrence of PLS became evident in Arabs [6] [7] [8] and Indian populations [9] [10] [11] [12] [13] as well as in isolated societies. In Jewish isolate family from Cochin, India (known as "Cochin Jews"), the frequency of the PLS gene was 0.1 [14] . In Slovenia of 2 million inhabitants, Kansky et al. [15] identified 13 PLS cases in seven distant families.
The early deterioration of oral and dermatological changes of children with PLS might instigate lifelong functional, aesthetical, psychological and social impacts on the growing children. Any attempt to achieve and preserve healthy oral conditions will improve quality of life for children with PLS. The aim of this article is to present review of the current literature regarding the etiopathogenesis, clinical features, laboratory investigation, differential diagnosis and management of this intriguing syndrome.
PLS and hereditary
PLS is a very rare autosomal recessive trait. In recessive genetic disorders, sibling inherits two copies of abnormal gene for the same trait, one from each parent. Typically, the parents are not affected and there is no family history of this disorder compared with affected persons. The carrier frequency of PLS was estimated at 2-4 per 1000 people [5] . If both parents are carriers of the defective autosomal gene, there is a 25% risk for their children to be affected and 50% to be carriers of the disease. Our studies on four Arab Jordanian and Qatari PLS families having 8 with classic PLS among 22 siblings, that is 36% of the siblings were affected. Parents were consanguineous, phonetypically healthy with no family history of the disease. The risk was the same for males and females [4, 6] .
PLS and consanguinity
Consanguinity is deeply rooted social trend among one-fifth of the world population [16, 17] . Many Arab countries display some of the highest rates (50%) of consanguineous marriages in the world, and specifically first cousin marriages, which may reach 25%-30% of all marriages [17] . Data on Jordanians revealed that the rate of consanguineous marriages accounted for 51.3% with 33% first cousins marriage [18] . In Saudi Arabia, the rate of consanguineous marriages was 57.7% with first cousins (28.4%), second cousin (14.6%), and distant relative marriages (15.2%) [19] . Similar rate also reported in Iraq and Arabian Gulf countries. In Egypt, the consanguineous marriages account for 35.3% with the majority among first cousins [20] . In Indian Mangalore communities, the frequency of consanguinity varies significantly between different religious groups. Hindus have the highest rate of consanguinity, which stood at 47.6%, among which 43.4% were the first-cousin marriages [21] . The rate of consanguinity among Cochin Jews was 40% [5] . In a literature review, Hattab and Amin [6] reported that one-third of the total worldwide PLS cases were Arabs (80 of 250 cases) with 75% of the 80 cases having a history of parental consanguineous.
Multifactorial disorders are caused by genetic, environmental, and the interaction of genetic and environmental factors. A study on Egyptian patients who attended the Genetics clinic showed that recessive and multifactorial disorders had the highest values of consanguinity (78.8% and 69.8%, respectively) and that the offspring of consanguineous unions are at increased risk for genetic disorders [20] .
PLS occurrence
A review of the literature up to year 1995 revealing about 200 cases of PLS has been published. Of those cases 35% appeared during the period of 1980 and 1995 [4] . The number of cases until 2005 was about 250; with most cases reported by dentists [6] . Literature revealed that over half of the worldwide PLS cases has been reported during the past three decades. Baghdady [22] (1982) reported the first Arab-Iraqi patients with PLS in four from in two families. Pareek and Al-Aska [23] (1986) described the first PLS in six Saudi children of the same family. El Darouti et al. [24] (1988) identified and treated 3 Egyptian patients with PLS. Hattab et al.
[4] (1995) described the first PLS cases of Arab-Jordanian, where 4 siblings from two consanguineous families were affected. Yacoub and Hattab [25] (2008) identified the first PLS in two siblings from Qatari family. Soyele and Taiwo [26] (2015) reported the first case of PLS in Nigeria. In 2017, PLS cases in Yemenis were diagnosed [27] . Series of PLS probands has been reported. Ghaffer et al. [28] (1999) diagnosed 15 PLS cases from 4 families in Egypt. AIBarrak et al. [7] (2016) identified five cases of PLS in the same Saudi family. Valeshabad et al. [29] (2012) found six PLS cases in the same Iranian family. Three PLS cases in the same Yemeni family [27] and in Turkish family [30] have been reported. Two cases of PLS in the same Indian families were detected [10, 31] . Most of affected siblings were products of consanguineous healthy parents. Today, over 300 cases have been reported in dental and medical literature.
ETIOLOGY
The etiology of PLS is multifactorial, with genetic, immunological, and microbial being the main causal factors. Other significant factors are environmental and compromised host defense mechanisms owing to the decreased function of lymphocytes, polymorphonuclear leukocytes (PMNs), or monocytes. A genetic predisposition with greater frequency of occurrence in consanguineous offspring has been reported [4, 5] .
Genetical aspect
Laass et al. [32] (1997) were the first that mapped the PLS locus on chromosome 11ql4-q21. In 1999, two independent research groups identified mutations of the gene linked to PLS. These gene mutations found to be associated with loss function of cathepsin C enzyme; known as dipeptidyl peptidase l [33, 34] .
Cathepsin C (CTSC) is lysosomal cysteine protease involves in wide variety of immune and inflammatory responses by activating serine proteinases; an enzyme implicated in activation of phagocytic cells and T-lymphocytes, activating of various inflammatory mediators and specific receptors, and modulating the levels of cytokines. High levels of CTSC gene expression were found in various immune cells and osteoclasts [35] . Rao et al. [36] (1997) suggested that CTSC gene is normally expressed in those epithelial regions and frequently affected by PLS such as the keratinized gingiva, palms, soles, and knees epidermis. Hewitt et al. [37] suggested that a complete loss-of-function of CTSC is necessary for the manifestation of the aggressive periodontitis phenotype. Mutations of this gene also result in two other closely related conditions, the HaimMunk syndrome (HMS) [38] and aggressive prepubertal periodontitis [37, 39] .
HMS caused by germline mutations in the lysosomal protease CTSC gene mapped to chromosome 11q14.1-q14.3. HMS affected subjects were found to be homozygous for the mutated CTSC allele. Parents were found heterozygous carriers. A common clinical manifestation of PLS, HMS, and prepubertal periodontitis is severe early-onset periodontitis. Thus, the three disorders seem to be caused by allelic mutations of the same gene (allelic variants) [5, 38] . Although both PLS and HMS share the cardinal features of PPK and severe periodontitis, there are differences between their phenotypes including arachnodactyly (slender fingers and toes), acro-osteolysis (loss of bone tissue in the fingers and toes), hypertrophy of the fingernails and toe nails (onychogryposis), and a radiographic deformity of the phalanges of the hand. [42] (2014) reported the occurrence of 75 mutations for the CTSC gene, in which 68% of the mutations were homozygous in PLS patients. In very rare occasions, concurrence of PLS and other disorders have been reported. Hattab and Amin [6] (2005) added to the literature the first report on the co-occurrence PLS and type 1 oculocutaneous albinism in two Jordanian brothers. Analysis of these two rare recessive genetic conditions showed that both genes shared their chromosomal location (11q14.2-14.3), but not their pathogenic mechanism [43] .
Gene mutations

Immunological aspect
A range of functional neutrophil defects in PLS, arising secondary to the CTSC has been demonstrated [44, 45] . In addition to genetic alterations, several immunological, environmental and host factors are involved in the PLS periodontitis including: (1) [45] ; and (8) disruption of fibroblast and cementoblast function associated with defective periodontal ligament attachment [64] , imbalanced gingival collagenolytic activity [65, 66] and the presence of massive degenerated plasma cells in periodontal tissue [67, 68] .
Microbial aspect
About 600-700 species colonize in dental plaque (bacterial biofilm) and the subgingival sites. The World Workshop in Periodontology (1996) has designated Actinobacillus actinomycetemcomitans (A.a), Porphyromonas gingivalis, Tannerella forsythia, T. denticolaas periodontal pathogens [69] . Of the microflora characterized in aggressive periodontitis, approximately 65%-75% of bacteria are Gram-negative anaerobes and facultative anaerobe bacilli, with few spirochetes or motile rods present [70] [71] [72] .
Microscopic examination and cultural studies of subgingival dental plaque in one or two PLS patients showed that the predominant periodontal pathogen was A.a, associated with elevated of salivary and serum IgG antibody levels [46, 62, 63] . High frequency of Gram-negative anaerobic rods including Porphyromonas gingivalis, Prevotella intermedia, Prevotella loescheii, Bacteroides gracilis was also identified [48, 62, 73] . Robertson et al. [73] found that most isolates from two PLS patients were Capnocytophaga spp. and Streptococcus spp. Albandar et al. [74] examined subgingival plaque from 13 PLS patients. They found of the total 170 bacterial species, a high frequency of A.a, Campylobacter spp., Capnocytophaga granulosa, Streptococcus spp., and Tannerella forsythia. Lundgren [60] obtained samples from 36 sites in 12 Saudi PLS patients. He found that A.a and Porphyromonas gingivalis were infrequently encountered in high levels. High frequencies of viruses were identified in the active periodontal lesions [49, 75] . Because of the diversity and complex subgingival microbial communities, no particular periopathogens invariably associated with PLS have been determined. However, the raised serum IgG antibody titers against A.a in PLS patients and that a successful treatment of periodontitis correlates with eradication of A.a [62, 63, 69, [76] [77] [78] , which indicates that A.a plays a significant role in the initiation and progression of periodontitis seen in PLS.
PATHOGENESIS
Although the genetics behind the PLS disorder has been identified, the exact biological mechanism causing the dermatological or periodontal lesions is still unknown and the link between the cutaneous and gingival findings is unclear. Studies indicated that CTSC is essential for maintaining the structural organization of the epidermis of the extremities and the integrity of the tissues surrounding the teeth [79] . In immunity system, the helper T cells are the most important cells in adaptive immunity. They are involved in activating B-lymphocytes to secrete antibodies that engulf antigens and release cytokines to activate cytotoxic T lymphocyte (T killer cells) to kill infected target cells. The Fc-receptor is the antibody located at the membrane of certain immune cells involved in antigen recognition. Beside the periodontitis component of PLS, increased susceptibility to infections such as mild skin pyoderma, recurrent tonsillitis, respiratory tract infections, and pneumonia have been reported [3] [4] [5] . Recently, pyogenic liver abscess is recognized as a complication of PLS [80, 81] . Several studies have reported late-onset and atypical variation of PLS [82] [83] [84] [85] .
Periodontitis is a multifactorial phenomenon characterized by the presence of a variety of molecular species, among which are free radicals and reactive oxygen species (ROS). ROS are essential in a number of metabolic pathways but their excessive production can result in cell damage, as during the "respiratory burst" of phagocytosing leukocytes. When ROS overwhelm the cellular antioxidant defense system, whether through an increase in ROS levels or a decrease in the cellular antioxidant capacity, oxidative stress (elevated lipidhydroperoxide levels) occurs [86, 87] . Neutrophils represent the first line of defense against microbial pathogens. Periodontitis in PLS arise from failure to eliminate periodontal pathogens. The lack of CTSC gene activity leads to deficient in neutrophil serine protease resulted in a reduced ability of neutrophil to chemotax efficiently and an inability to generate neutrophil extracellular traps. This could possibly explain the severe periodontitis in PLS [88, 89] . Hyperactive neutrophil released higher levels of pro-inflammatory cytokines and reduced antimicrobial capacity. It also contributes significantly to the oxidative stress and antioxidant compromise. It is noteworthy that systemic immunodeficiency in PLS is relatively mild, with about 20% predisposed to recurrent infections, yet the local periodontitis is profoundly aggressive.
Based on the current findings it emerges, that dysfunction of PMNs is secondary to aggressive bacterial infection; influenced by the underlying loss of CTSC function and deficiency in host defense mechanism. The presence of virulent bacterial and viral infection in periodontium and the production of noxious enzymes and toxins like leukotoxins, collagenase, proteases, endotoxin, and epitheliotoxin indicate that PLS mediated bacteriologically.
CLINICAL FEATURES
Oral manifestations
The development and eruption of the primary and permanent teeth proceed normally. They erupt in normal sequences at the expected age or even earlier. Usually, the teeth are of normal forms and structures, cariesfree with no sign of root resorption [4, 6, 7] . The pathognomic oral features of typical PLS are as follows. Once the primary and permanent teeth erupted, the gingiva around the teeth becomes red, severely inflamed, swollen, tender, and bleeds easily [ Figure 1 ]. This was followed by the formation of deep pathological periodontal pockets which exudates pus on slightest pressure. Dense plaque accumulation, multiple gingival abscesses, purulent exudates, teeth mobility, drifting, migration, and severe alveolar bone resorption with about 10 to 15% bone remaining around the teeth present are characteristics [ Figures 1-3] . Brushing the teeth is difficult due to bleeding and sore gingiva on touch. Chewing is painful because of the mobility of teeth. Offensive oral malodor is usually present. Tenderness of the regional lymphadenopathy is a common finding. The rapidly progressing periodontitis is usually unresponsive to traditional periodontal treatment modalities. At the age of 4-5 years, the primary teeth become exfoliated or extracted and the child becomes completely edentulous. Subsequently, the inflammation subsides and the gingiva return to its normal healthy state and mucosa covering the edentulous area appears normal. After the eruption of the permanent teeth, the same cycle of events begins; by age of about 15, almost all teeth are lost associated with atrophy of the alveolar ridge [ Figure 3 ]. Later on, the third molar will erupted with uncertain fate. Clinical picture and panoramic radiograph show generalized loss of alveolar bone up to the apical third of the roots [ Figures 2 and 3 ] giving the teeth a radiographic appearance of "floating in air" [4] . The lateral view of the skull radiograph may depict ectopic intracranial calcification of the falx cerebral or tentorium [ Figure 4 ].
Dermatological manifestations
The onset PPK may appear early at birth or 1-2 months of age, but most commonly between the ages of 6 months to 4 years, coinciding with eruption of the primary teeth associated with intensive gingivitis. Symptoms of PPK lesions exacerbate with increased severity of periodontitis [4, 12, 25, 90] . Ullbro et al. [91] however, found no association between the degree of PPK and severity of periodontitis, and suggested that these two major components of PLS are unrelated to each other. Cutaneous lesions develop in pressure areas, such as palms, soles, knuckles, ankles, elbows and knees. The soles (planters) of feet were more severely affected than palms of the hands. Erythema always precedes hyperkeratosis. The skin lesions vary in color, texture, and manifestation. They may appear white or light yellow, brown or red. They presented as well-demarcated or diffused hyperkeratotic, erythematous, dry, rough, thick, scaly, fissured or cracked plaques and patches, Figure 1 . Nine-year old girl shows premature loss of the primary teeth. The gingival tissues around the newly erupted permanent teeth are red, swollen and severely inflamed [25] Figure 2. Five-year old boy reveal exfoliated teeth and the remaining primary teeth were mobile and extruded. The gingiva around the teeth is inflamed, hemorrhagic with alveolar bone lost [25] which involve the entire surfaces of the palms [ Figures 5 and 6 ] and soles [ Figure 7 ]. Thickened skin may peel off leaving a red, itchy area underneath. Lesions may spillover (transgrediens spread) to the dorsal surface of the hands particularly to eminences of the palms and to the ankles of feet, involving the Achilles tendon and external malleoli sites [ Figure 8 ]. Other sites of involvement include the knees [ Figure 9 ] and elbows but less severe than the palmoplantar surfaces. Less frequently, lesions may be seen on the toes, legs, thighs, and rarely on the trunk. In some cases, the upper portions of the hands and feet, the eyelids, the lips, the cheeks, and/or other areas of the body may also be affected [4] . The skin lesions are aggravated during the cold winter period and are in remission in summer. They undergo crustations, cracking, and deep fissuring, making walking painful. Infection may superimpose the defective skin resulting in the formation of recurrent abscesses (pyoderma). Some patients may exhibit infection of hair follicles (furunculosis), multiple abscesses of the skin, malodorous excessive sweating (hyperhidrosis), follicular hyperkeratosis, and nail dystrophy. Clinical features showed no gender predominance in the occurrence and severity of the condition.
Laboratory tests
Saliva test
In a study on 16 children and young adults (aged 6-27 years) with PLS, Lundgren [60] found that the saliva secretion rates and buffer capacity were significantly lower among the PLS patients compared with the controls.
Hematological investigation
Complete blood count, creatinine, uric acid, glucose, cholesterol, triglycerides, electrolytes, total protein, and phosphatase were within the normal range [4, 6] . Liver profile, renal profile, and ultrasound of the abdomen Figure 6 . Well-demarcated hyperkeratosis, erythematous, scaly and cracked skin lesions of the palms; gives red glove-like appearance [6] and pelvis were normal [90] . Other specific blood analysis of immunoglobulin's IgA, IgG and IgM [92] and lymphocyte antigen receptors was within normal values [92, 93] .
Histopathological examination
Skin biopsy from the PLS lesions showed thick layer of hyperkeratosis, focal parahyperkeratosis, hypergranulosis, acanthosis, and irregular rete pegs of the epidermis. Papillary dermis revealed vessel proliferation, perivascular mononuclear cells (lymphocytes and monocytes) infiltrate [ Figure 10 ]. Gingival biopsy showed parakeratosis, acanthosis, and predominance of chronic inflammatory cells [4] .
DIAGNOSTIC METHODS
In general, children with PLS are moderately built and their physical and intellectual development levels are within normal limits. The first step in diagnosis of PLS is family and medical history. A pedigree reveals the mode of inheritance. Clinical oral and skin features as well as radiographic changes are pathognomic of PLS [ Figures 1-10 ]. Biochemical analysis discloses alteration in the chemotaxis and phagocytic function of PMNs, particularly neutrophil. Diagnosis can make by urine analysis for CTSC activity of the suspected child soon after birth [94] . Reduced or no activity of CTSC enzyme is diagnostic of the disorder. Molecular genetic testing can detect alterations in the CTSC gene (11q14-21) and can thus confirm diagnosis, but this needs specialized laboratories. Figure 9 . Well-circumscribed, erythematous, scaly, keratotic plaques on the knees [4] 
DIFFERENTIAL DIAGNOSIS
Differential diagnosis includes disorders that are allelic variants of PLS, HMS and prepubertal aggressive periodontitis. PLS should differentiate from other conditions showing similar oral or cutaneous clinical features. Diseases with oral features similar to PLS periodontitis and premature loss of teeth are manifested in acrodynia, hypophosphatasia, severe congenital neutropenia, histiocytosis X, cyclic neutropenia, and Takahara syndrome. Other conditions with similar dermatologic features of PLS but not associated with periodontopathy are Unna Thost syndrome, Mal de Meleda, Howel-Evans syndrome, epidermolytic palmoplantar keratoderma (Vörner's syndrome), keratoderma hereditarium mutilans (Vohwinkel's syndrome), and Greither's syndrome [4, 95] . These dermatological syndromes are inherited in an autosomal dominant pattern except Mal de Meleda, which is autosomal recessive.
TREATMENT METHODS
Efforts to treat PLS are traditionally directed by halting the rapid devastating periodontal destruction and reducing the hyperkeratotic skin lesions. This requires a multidisciplinary approach with family and child cooperation. Early periodontitis treatment and compliance with prevention program are the major determinants for preserving permanent teeth in young patients.
Periodontal treatment
The aim of periodontal treatment of the periodontal component of PLS is to eliminate the reservoir of periodontal pathogens and to create safe environment for eruption of permanent teeth. The treatment modalities include oral hygiene instruction, antibacterial mouthrinse, scaling and root planing, and systemic antibiotics. Reports of effectiveness of the treatment vary considerably. Tinanoff et al. [48] reported that administration of tetracycline (250 mg/t.i.d for one month) was unsuccessful in halting periodontitis. Preus and Gjermo [47] reported successful treatment of periodontitis over a four and a half year follow-up in two siblings receiving tetracycline intermittently 2-4 weeks in periods of exacerbation and continuously during the last two years of the study. Hattab et al. [4] used tetracycline for one week every month. Five months later, the gingiva around erupting and erupted teeth appeared normal. Glenwright and Rock [96] treated a case with penicillin, tetracycline and metronidazole at different times over eight years with unsuccessful outcome. Eronat et al. [76] prescribed amoxicillin-clavulanic acid every six months. No tooth loss was observed after Figure 10 . Skin lesion reveals hyperkeratosis, focal parakeratosis, hypergranulosis, acanthosis of epidermis and perivascular mononuclear cells infiltrate in papillary dermis [6] more than two years follow-up period. De Vree et al. [77] followed two PLS siblings for 15 years received intensive periodontal treatment along with metronidazole (250 mg/q.i.d for five days during periods of exacerbations). Treatment was successful in maintaining a number of permanent teeth in one patient but not in the other sibling. Yacoub and Hattab [25] placed a patient on amoxicillin and metronidazole therapy taking concurrently (250 mg/t.i.d for seven days) every two to three months combined with mechanical and chemical periodontal methods. Only short-term improvement has been noticed. Based on follow-up microbiological testing, Pacheco et al. [97] applied amoxicillin/metronidazole therapy (250 mg of each/3 time's daily/10 days) and repeated it after 4 months. At 16 months, the periodontium appeared normal.
The discrepancy in the outcome of PLS periodontitis therapy between studies could be related to the complex subgingival microbial communities and varieties in the etiopathogenesis factors. In addition, most studies were conducted on one or two patients who vary in severity of the condition, age, timing, duration and frequency of periodontal and antibiotic therapy, follow-up evaluation period, and patient compliance with the treatment protocol and home care.
Oral treatment protocol
Primary dentition (1) Oral hygiene instruction and home care; (2) antibacterial/antiplaque agents. Chlorhexidine digluconate was recommended because of its broad antimicrobial effect and prolonged substantively (oral retention). It is available in forms of mouthrinse containing 0.2% (Corsodyl®) or 0.12% (Peridex®), gel 1%, and toothpaste. Children younger than the age of six should not use mouthwash because they may swallow large amounts of the liquid inadvertently. Instead, chlorhexidine gel can use on a toothbrush or in custom-made applicator trays; and (3) extraction of hopeless teeth eliminates periodontal pathogens and improves future prognosis of the permanent teeth. Extractions of teeth must perform under antibiotic cover to prevent.
Permanent dentition (1) Oral hygiene instructions include continuous monitoring and frequent recalling appointments; (2) chlorhexidine gel or mouthrinse twice daily; (3) prophylaxis, such as scaling and root planing should be performed every 2-3 months; (4) extractions of mobile teeth or teeth during exacerbation of periodontal condition. This should be carried out under antibiotic cover (amoxicillin-metronidazole taken concurrently: 250 mg of each/t.i.d daily/10 days); (5) splinting moderately mobile teeth; (6) restoring masticatory function by inserting partial or complete dentures; and (7) other treatment and rehabilitation options are dental implants [98, 99] , calvarium bone grafts and dental implants [100] .
Dermatological treatment
The therapeutic goal for skin lesions is to remove sufficient callus to preserve function and to relieve pain over pressure points from fissures and cracks. Treatments based on topical application of lubricants, keratolytic agents contained 5%-10% salicylic acid, 10% lactic acid, or 10% urea in a neutral base (e.g., Keralyt gel). Topical anti-inflammatory steroids like betamethasone and systemic antibiotics where there is an inflammatory component. Dermabrasion may help topical agents penetrate keratoderma lesions. Gentian violet, Castellani's paint, or flexible collodions have been used to seal painful fissures. The use of antiperspirants and deodorants may help with excessive perspiration (hyperhidrosis) [6, 101] . Retinoids are a group of substances comprising vitamin A and its natural and synthetic derivatives [102] . They were first used in dermatology in 1943 for acne vulgaris. Since 1971, topical retinoids have been extensively used for treatment of various skin conditions including acne, psoriasis, photoaging, and actinic keratosis. Retinoids exert therapeutic benefits in skin cellular division and differentiation, cell surface alterations, immune defense, and wound healing [101] [102] [103] . When topically applied, deficiency in collagen that exists in the skin is partially improved. Topical retinoids are available in cream, gel, and liquid forms. They work synergitistically with topical antibiotics. Tretinoin (0.05% gel and 0.1% cream) was used to promote peeling of affected skin areas, but treatment can cause irritation of the surrounding skin. Oral retinoids were proven effective in the treatment of various types of keratinizing disorders, especially in some hereditary PPKs such as PLS, but long-term treatment is required. Treatment usually started at the time of eruption of permanent teeth. Etretinate, a retinoic acid analogue, is available in the form of Tigason (Tegison in US) is available 10 or 25 mg capsules. Acitretin a second-generation retinoid 10 or 25 mg capsules. A typical starting dose is around 25-50 mg once per day or 0.5-1 mg/kg/day given in a single daily dose. Treatment usually continued for at least 6-8 weeks. Early identification of PLS is essential for potentially effective treatment with retinoid.
DISCUSSION
PLS is very rare disorder inherited in autosomal recessive pattern; that is, both parents are phenotypically healthy and there is no family history of the disease, other than the affected person. The two cardinal features of PLS are PPK and severe early onset of destructive periodontitis leading to premature loss of both primary and permanent dentitions. The etiopathogenesis of PLS is multifactorial with genetic, immunological, and microbial factors playing primary role. The genetic predisposition with greater occurrence in certain ethnic groups suggest that earlier statement of "no racial predominance of the condition" [3] is at present not universally applicable. The presence of variables in the onset, progression, and clinical expressions associated with the same CTSC gene mutation may reflect the influence of environmental and host factors in PLS etiopathogenicity. Immunological factors include the defect of immune-mediated mechanisms that reduced lymphocyte response to pathogens, decreased helper/suppressor T-cell ratio, impaired neutrophil and monocytes function, elevated serum immunoglobulin G level, and degenerative changes in plasma cells [55] [56] [57] . Bacteriological factors revealed that the presence of virulent anaerobic pathogens and their toxins in periodontal plaque and pockets play a major role in the pathogenesis and progression of rapid periodontal breakdown. Among the bacterial species recognized of being associated with severe periodontitis was A.a.
Diagnosis of PLS can be obtained by a thorough clinical examination of familial, medical and dental histories. Genetic testing was used to confirm the diagnosis of this syndrome. A diagnosis can be achieved by urine analysis of an infant or child to test the activity of the enzyme CTSC [94] . Early diagnosis and prompt treatment can potentially prevent aggressive periodontitis and tooth loss. Efforts should be directed to eliminate the reservoir of periodontal pathogens and to create safe environment for eruption of permanent teeth. Several treatment modalities are used to restore functional, esthetical and psychological impacts in order to improve overall quality of life on the growing children. This requires cooperation from dermatologists, pediatrician, periodontists, and prosthodontists. CONCLUSION PLS is very rare disorder inherited in autosomal recessive pattern. Even though, the condition is associated with lifelong functional; aesthetical; psychological; and social impacts on the growing children. The two cardinal features of PLS are PPK and severe early onset of destructive periodontitis leading to premature loss of both primary and permanent dentitions. The etiopathogenesis of the disorder is multifactorial with genetic, immunological, and microbial factors playing a major role. A genetic predisposition with greater frequency of occurrence in consanguineous offspring is evident. Other significant causative factors are environmental and reduced host defense mechanism. Virulent pathogens and their toxins in the subgingival plaque play a major factor in the initiation and progression of PLS periodontitis. Diagnosis of PLS can be obtained by a thorough clinical examination, familial, medical and dental histories. Genetic testing confirms the diagnosis of the syndrome. Awareness and early diagnosis of the syndrome is essential, to provide appropriate and comprehensive dental and medical care. Management of the disorder directed toward halting periodontal destruction by eliminating the reservoir of causative organisms; using conventional periodontal treatment, oral hygiene instructions, antiseptic mouth rinses; and systemic antibiotic. Coordinated team of specialists is critical for the overall care of patients suffering from PLS.
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